Introduction {#sec1-1}
============

Preeclampsia (PE) is a multi-system disorder that is a major cause of maternal morbidity and mortality worldwide. Recent data show that the contribution of preeclampsia is estimated to be about 5 times that of morbidity & maternal-newborn mortality \[[@ref1]\]. PE is a life-threatening disease for mother and fetus in Indonesia. According to the Indonesian Demographic and Health Survey in 2007, PE contributed up to 24% of maternal deaths in Indonesia and made it the second leading cause of maternal mortality in Indonesia \[[@ref2]\]. The international non-governmental organisation forum on Indonesian Development stated that Indonesia is a country in Southeast Asia with the highest maternal mortality rate of 359/100.000 births \[[@ref3]\].

Andaliman (*Zanthoxylum acanthopodium*.) is a spice that is used for traditional Batak cuisine, Norther Sumatera, Indonesia \[[@ref4]\]. This plant has been used as a contraceptive for generations as an anti-fertility. Andaliman extract contains chemicals in the form of alkaloids, steroids and terpenoids, which have antioxidant activity and antimicrobial, repellent and kill insects \[[@ref5]\], \[[@ref6]\], \[[@ref7]\]. The content of this plant is thought to have activities to reduce PE because andaliman fruit has also been reported to have anti-inflammatory activity and antioxidant activity \[[@ref7]\]. *Extra Virgin Olive Oil* (EVOO) from Olive fruit contains antioxidants, namely Vitamin E, hydroxityrosol and tyrosol \[[@ref8]\].

Nanotechnology is a system that has several advantages, namely being able to modify the characteristics of the surface, small size, high loading capacity so that it can be given in high concentrations \[[@ref9]\]. Constraints that often occur in herbal medicines are difficult active substances to penetrate the lipid membrane of body cells because they have a large molecular size and low solubility in water that causes poor absorption and bioavailability \[[@ref10]\]. Changes in drug molecules into nanometer scales provide a significant change in physicochemical properties and can improve the efficacy of these drug molecules \[[@ref11]\].

The liver is the largest organ in the body that plays a role in detoxifying poisons in the blood, breaking down or changing the nature of toxic substances so that it can be released through urine. The impact of the combination of these two herbs needs to be seen in the liver in terms of their safety effects in preeclamptic patients

Material and methods {#sec1-2}
====================

Nanoherbal Andaliman (Zanthoxylum acanthopodium) {#sec2-1}
------------------------------------------------

Andaliman fruit used comes from the Dairi District of Northen Sumatera. Andaliman is washed thoroughly; then the wind is dried for 3 days at room temperature, then blended until smooth and then sized to nano size using *High energy milling* (HEM). Simplicia as a destructive medium is inserted into the jar container and then inserted a ball with a larger diameter size and continued by inserting a small ball and the sample is placed lastly. The total volume of the ball and the sample inserted do not exceed 2 / 3 of the tube volume. The sample was tightly closed and then placed on a tube inside the HEM device, then HEM was turned on for 2 hours \[[@ref12]\].

Phytochemical screening {#sec2-2}
-----------------------

Alkaloids: 1 g of nano herbal andaliman was put in a test tube then added 18 ml of distilled water and 2 ml of 2 N hydrochloric acids then heated for 2 minutes. The trial was conducted with Meyer reagent. Positive alkaloids if sediment or turbidity occurs.

Glycosides: 3 g of nano herbal andaliman extracted in 30 ml mixture of 7 parts ethanol 96% and 3 parts of distilled water, then added concentrated sulfuric acid and refluxed in 10 minutes. After chilling 20 ml of filtrate added 10 ml of distilled water and 10 ml of lead (II) acetate 0.4 M were shaken and left for 5 minutes. The filtrate that has been filtered in the juice with 20 ml mixture of chloroform and isopropanol (3: 2) to be tested against sugar compounds and non-sugar compounds \[[@ref13]\].

Flavonoids: 1 g of nano herbal andaliman mixed in 20 ml of methanol then reflux 10 minutes. After cooling, 10 ml of kerosene ether is added and then shaken and let stand until separation, the methanol layer is taken and then evaporated at 40°C, the remainder is dissolved in ethyl acetate and filtered by filtrate to be tested with 0.5 g zinc powder and 0.1 g powder magnesium \[[@ref13]\].

Saponin: 1 g of nano herbal andaliman and 20 ml of hot water have been shaken for 20 seconds. The saponin is positive if there is foam in not less than 10 minutes as high as 1-10 cm after adding 2 drops of hydrochloric acid 2 N foam was not lost.

Steroids/Terpenoids: 2 g nano herbal andaliman were macerated with 40 ml ether for 2 hours. The filtrate was filtered and evaporated. The remaining 4 drops of Lierbermann-Burchard reagent, if there is a red/purple colour changing to blue or blue-green means there is steroid.

Tanin: 0.5 g of nano herbal andaliman mixed in 50 ml of distilled water, then filtered, and then added 1 drop of 1% iron (III) chloride solution. If bluish-green was formed, show tannin compounds.

Antioxidant test with 1.1-diphenyl-2- picrylhydrazyl (DPPH) method {#sec2-3}
------------------------------------------------------------------

Nanoherbal andaliman was dissolved with methanol so that it becomes 250 μg/mL then homogenised for 10 minutes for 4 times then centrifuged to take the clear solution on top. Two mL of DPPH solution was added with 0.5 mL of nano herbal andaliman solution with 3 repetitions for each extract solution 6,25; 12.5; 25 and 50μg mL, then the absorbance was measured against methanol at a wavelength of 517 nm using a UV-Visible spectrophotometer.

Animal {#sec2-4}
------

This study used 25 pregnant *Rattus norvergicus*. Rats were mated at the Biology Laboratory animal house, University of Sumatera Utara. Pregnant rats are made into preeclampsia model by injecting 3 ml of 6% NaCl/day/200 gBW at 6 to 12 days gestation subcutaneously. Preeclampsia rats were evaluated by blood pressure more than 125/80 mmHg, MDA levels and proteunaria values more than 3 g/L \[[@ref14]\]. This study consisted of 5 groups: K^-^ (negative control): Normal pregnant rats; K^+^ (positive control): Preeclampsia (PE) pregnant rats, P1: PE rats given 1 ml EVOO/day/200 gBW in pregnancies 13 to 19 pregnancy day orally, P2: PE rats were given nanoherbal andaliman 100 mg/day/200 gBW at 13 to 19 days gestation orally, P3: PE rats were given a combination of 1 ml EVOO/day/200 gBW and nanoherbal andaliman 100 mg/days/200 gBW at 13 to 19 days of gestation orally. Pregnant rats were dissected on the 20th day of pregnancy, for blood and liver to be taken, and then liver preparations were made with paraffin blocks and *Hematoxylin Eosin* (HE) staining.

Examination of Serum Glutamic Oxaloacetic Transaminase (SGOT) and Glutamic Serum Pyruvate Transaminase (SGPT) {#sec2-5}
-------------------------------------------------------------------------------------------------------------

SGOT: Blood was centrifuged for ± 15 minutes at a speed of 5000 rpm. The blood serum then pipetted 200 µL aqua dest into the test tube, added 2000 µL of SGOT reagent 1 and then incubated for 5 minutes at 37°C. 500 µL of reagent 2 SGOT was added after homogeneous absorbance was measured at 365 nm wavelength with a spectrophotometer.

SGPT: Blood is centrifuged for ± 15 minutes at a speed of 5000 rpm. Blood serum piped 200 µL aquadest into the test tube then added 2000 µL of reagent 1 SGPT, then homogenised. After incubation for 5 minutes at 37°C. We have added 500 µL of reagent 2 SGPT then absorbance was measured at a wavelength of 365 nm with a spectrophotometer

Analysis of Data {#sec2-6}
----------------

The data were calculated the average score of liver histopathology changes from five fields of view with the *Manja Roenigk Histopathology Scoring* model. Then data were analysed by Anova test and non-parametric data by *Kruskal Wallis test* in SPSS 22 program.

Results {#sec1-3}
=======

Phytochemical screening and DPPH test {#sec2-7}
-------------------------------------

Based on the research that has been done, andaliman fruit in nanosize has the content of alkaloids, flavonoids, glycosides, steroids and terpenoids. The content of these compounds was similar to the content of andaliman extract in previous studies. DPPH test results on nano herbal andaliman with 3 repetitions for each extract solution 6,25; 12.5; 25 and 50μg / mL is IC50 48.5 µg / mL. Nanoherbal andaliman have very strong antioxidants.

Bodyweight and liver weight {#sec2-8}
---------------------------

Based on statistical data, ANOVA test on pregnant rat body weight showed that there was no significant difference in each treatment with p \> 0.05 (p = 0.060). However, there were significant differences in liver weight (p \< 0.05). The highest average weight is in K^+^ and the lowest group in the K^-^ and P1 groups. Based on these data, nano herbal andaliman, EVOO, and a combination of both can affect the weight of pregnant rat hearts. That means the liver here acts in the detoxification of foreign substances that first entered the body of the rat due to the content of secondary metabolites in the nano herbal andaliman and EVOO. The metabolic process in the liver is the process that affects its weight.

SGOT and SGPT {#sec2-9}
-------------

Based on statistical data on SGOT values in pregnant rats, there were significant differences (p \< 0.05) in each treatment ([Figure 1](#F1){ref-type="fig"}). However, the highest average value was found in the K^+^ group and the lowest in the K^-^ and P3 groups. Nanoherbal andaliman can increase SGOT values higher in pregnant rats than EVOO and a combination of both.

![Data are expressed with Kruskal Wallis test; Mann-Whitney test was applied to compare SGOT value between all groups; \*\*p \< 0.01 compared to control (K-); \*p \< 0.05 compared to K+; K-: Pregnant normal; K+: PE rats; P1: PE rats after given EVOO; P2: PE rats after given nano herbal andaliman; P3: PE rats after given EVOO and nano herbal andaliman](OAMJMS-7-2226-g001){#F1}

The SGPT value also has a significant difference with a value of \< 0.05. The highest average SGPT value was found in P2, and the lowest was found in the control group (K^-^). This means that there is a high level of damage in the PE liver treatment there is P2 so that the value of SGOT and SGPT is higher than other treatments. Based on this data nanoherbal andaliman and EVOO can increase the value of SGOT and SGPT in pregnant rats ([Figure 2](#F2){ref-type="fig"}).

![Data are expressed Kruskal Wallis test; Mann-Whitney test was applied to compare SGPT value between all groups; \*\*p \< 0.01 compared to control; \*p \< 0.05 compared to K+; K-: Pregnant normal; K+: PE rats; P1: PE rats after given EVOO; P2: PE rats after given nano herbal andaliman; P3: PE rats after given EVOO and nano herbal andaliman](OAMJMS-7-2226-g002){#F2}

Histology of rat's liver {#sec2-10}
------------------------

Based on statistical data on normal hepatocyte cell values, parenchymatous degeneration, hydrophilic degeneration and necrosis in pregnant rats using the cruciferous Wallis test there were no significant differences (p \> 0.05). But based on the highest average normal hepatocyte cells were found in K^-^ and P1 while the lowest was in K^+^ and P1 ([Table 1](#T1){ref-type="table"}). However, there was no significant difference in parenchymatic degeneration (p \> 0.05). The highest parenchymatous degeneration at K^+^ and lowest at K^-^. The highest hydropic degeneration was also found in P1 and P2 while the lowest was K^-^. The data proved significantly with a value of p \< 0.05. The highest necrosis is at K^+^ and lowest at K^-^ and P3. Based on the statistics of nano herbal andaliman, EVOO and the combination of both causes liver damage with a degree of damage in the form of parenchymatous degeneration, hydrophilic degeneration and necrosis.

###### 

Average of normal hepatocytes cells and liver damages on preeclamptic rats

  Treatments   Normal                                           Parenchymatous Degeneration   Hydropic Degeneration                           Necrosis
  ------------ ------------------------------------------------ ----------------------------- ----------------------------------------------- ------------------------------------------------
  K^-^         13 ± 1.46                                        5.52 ± 1.76                   5.52 ± 3.20                                     9.76 ± 3.67
  K^+^         5.36 ± 1. 49[\*\*](#t1f2){ref-type="table-fn"}   8.32 ± 2.69                   11 ± 4.72[\*\*](#t1f2){ref-type="table-fn"}     27.2 ± 10.00[\*\*](#t1f2){ref-type="table-fn"}
  P1           12.2 ± 1.31[\*](#t1f1){ref-type="table-fn"}      5.52 ± 1.94                   11.5 ± 2.43                                     10.88 ± 3.56[\*](#t1f1){ref-type="table-fn"}
  P2           8.56 ± 1.33[\*\*](#t1f2){ref-type="table-fn"}    6.72 ± 2.15                   11.5 ± 3.43[\*\*](#t1f2){ref-type="table-fn"}   16.96 ± 4.21[\*\*](#t1f2){ref-type="table-fn"}
  P3           11.2 ± 1.48[\*](#t1f1){ref-type="table-fn"}      7.2 ± 2.45                    7.8 ± 3.00[\*](#t1f1){ref-type="table-fn"}      10.24 ± 4.18[\*](#t1f1){ref-type="table-fn"}

*Kruskal Wallis test* and *Post-hock test* were applied to compare mean of normal hepatocytes cell, hydropic degeneration and necrosis value between all groups;

p \< 0.05 compared to control (K^-^);

p \< 0.01 compared to K^-^d; Non-significant difference was found in the mean of parenchymatous degeneration between the groups (p = 0.058).

Based on the average pattern of hepatocyte cell damage in pregnant rats, the greatest damage was found in the K^+^ group and also P2, while the lowest damage was found in K^-^ and P3 ([Figure 3](#F3){ref-type="fig"}). Based on this data, pregnant women who often want to consume andaliman are better combined with EVOO to prevent liver cell damage.

![Data are expressed Kruskal Wallis test; Mann-Whitney test was applied to compare trophoblast cells value between all groups; \*\*p \< 0.01 compared to control; \*p \< 0.05 compared to K+; K-: Pregnant normal; K+: PE rats; P1: PE rats after given EVOO; P2: PE rats after given nano herbal andaliman; P3: PE rats after given EVOO and nano herbal andaliman](OAMJMS-7-2226-g003){#F3}

Based on histological observations, it was seen that K^+^ (PE) had the greatest damage compared to other treatments. Liver hepatocyte damage was also seen after being given the herbal andaliman EVOO and a combination of both but not as much as K^+^ (PE) ([Figure 4](#F4){ref-type="fig"}). This means that the compounds contained in nano herbal andaliman cause liver necrosis. Fat degeneration (parenchymatous degeneration) is also seen in histology such as fat accumulation in the cell cytoplasm where fat in the cytoplasm pushes the cell nucleus to the side, due to interference with hepatocytes so that lipoproteins are not formed. In group P1 there are more parenchymatous degeneration characterised by varied fats and vacuoles but cannot be seen hydrophilic degeneration is also evident in K^+^, P1 and P2 where cell forms are like cell swelling ([Figure 4](#F4){ref-type="fig"}). This degeneration is more severe damage; there are vacuoles containing water and cytoplasm that do not contain fat and glycogen.

![Histology of rats liver; A) K- (Pregnant normal); B) K+(PE rats); C) P1 (PE rats after given EVOO); D) P2 (PE rats after given nano herbal andaliman); E) P3 (PE rats after given EVOO and nano herbal andaliman); A) Normal; B) Parenchymatous degeneration; C) Hydropic degeneration; D) Necrosis (H & E) 40x](OAMJMS-7-2226-g004){#F4}

Discussion {#sec1-4}
==========

PE can cause interference with the liver. Liver dysfunction can occur due to vasoconstriction and oedema that shows damage to the liver, muscles, kidneys, pancreas and red blood cells \[[@ref15]\]. Liver damage is always associated with necrosis and administration of exogenous antioxidants, may be beneficial in protecting the liver \[[@ref16]\]. Natural antioxidants are known to have beneficial effects on hepatitis or liver disorders caused by antitubercular agents \[[@ref17]\]. Andaliman possesses unique flavour properties and bioactive compounds. The chemical compound in this herbal was Monoterpenes (46.54%), hydrocarbon monoterpenes (19.75%). The primary volatile compounds in andaliman (relative peak area \> 10%) are geranyl acetate (32.04%) and limonene (15.80%) \[[@ref18]\]. Andaliman in nanosize also contains alkaloids, flavonoids, glycosides, steroids and terpenoids as well as extracts \[[@ref5]\], \[[@ref6]\], \[[@ref7]\]. Andaliman fruits and leaves contain terpenoids, alkaloids, flavonoids, and other phenolics, which can function as antioxidants \[[@ref19]\]. The ethyl acetate extract of andaliman fruit has antioxidant activity and with an IC50 value of 66.91 ppm and isolating EA.X.6.1 has antioxidant activity and with an IC505.55 ppm value \[[@ref20]\]. Andaliman in nanosize has IC50 value of 48.5 µg/mL so that antioxidant properties are very strong compared to extract. Antioxidants are components that can inhibit free radicals and it is estimated that in scala nano can reduce oxidative stress in PE. According to Tensisca *et al.*, \[[@ref21]\] andaliman fruit extract with ethanol and hexane has different antioxidant activity which is highest in water systems in emulsion and oily systems though having moderate activity. The content of important compounds is relatively stable during heating, but is heating up to 175°C; it can reduce up to 17%. Andaliman in the form of extract also has different contents and activities when exposed to heat, fluorescent light and ultraviolet \[[@ref22]\]. Olive oil is a vegetable oil obtained from olive plants (*Olea europaea*) in the packaging of *Extra Virgin Olive Oil* (EVOO) in low doses can control serum levels of Hsp70, so the process of apoptosis does not occur excessively especially in preeclampsia \[[@ref23]\]. The combination of these two plants can reduce hepatocyte cell damage because of the incorporation of antioxidants and vitamin E.

The value of SGPT and SGOT in PE can decrease with the combination of these two herbs ([Figure 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). SGPT and SGOT will come out of liver cells if the liver cells are damaged so that it will cause an increase in SGPT and SGOT levels in blood serum \[[@ref24]\], \[[@ref25]\]. Increased SGOT treatment is also caused by stress. Hepatocytes are the type of cell that forms most of the liver. These cells are located between sinusoids, which are full of blood, and bile ducts. The liver is often the target organ of toxic substances because most poisons enter the body through the digestive system, then after being absorbed, carried by the portal vein to the liver --- the highest parenchymatous degeneration at K^+^ and lowest at K^-^. Parenchymatous degeneration is the lightest level of category of degeneration. Cells that become parenchymal degeneration are found in granules in the cytoplasm, due to the deposits that cause the cytoplasm to become cloudy and followed by swelling in cells \[[@ref26]\]. The highest hydropic degeneration is also in K^+^ ([Table 1](#T1){ref-type="table"}). Hydropic degeneration is a more severe level of damage. These changes are generally a result of metabolic disorders, such as hypoxia or chemical poisoning. This degeneration is also reversible even though it is possible to be irreversible if the cause of the injury persists \[[@ref26]\]. Cells that have been injured can cause damage to the plasma membrane and changes in the nucleus. Pregnant women that often consume andaliman should also consume it with EVOO to prevent damage to the liver cells. EVOO contains vitamin E (tocopherol) that is anti-apoptosis \[[@ref23]\]. Olives that are converted to *Extra virgin olive oil* (EVOO) have analgesic, anti-inflammatory and anticancer properties \[[@ref27]\]. So, using andaliman nano herbal is better along with EVOO to reduce necrosis in the liver.

Between P1, P2 and P3, it appears that more damage is found in P2 (Giving nano herbal andaliman only) means that the compounds contained in andaliman nanoherbal cause liver necrosis. Liver disease in PE have a high risk of pregnancy disorder, although no reports of maternal death but the birth of premature infants \[[@ref28]\]. Liver disorders in PE dieaseas may increase liver enzymes, autoimmune, hyperemesis gravidarum, acute fatty liver, and intrahepatic cholestasis \[[@ref29]\]. This is in accordance with Emita's study \[[@ref30]\]. where there was a change in the color and texture of the liver surface, as well as an increase in hepatocyte damage. Liver disorders in PE can increase liver enzymes, low platelets (HELLP), acute fatty liver, hyperemesis gravidarum, intrahepatic cholestasis, and autoimmune liver \[[@ref29]\]. Regulations of damaged liver in the metabolic system can cause gestational hypertension during the first pregnancy and can cause PE, hemolysis, increased liver enzymes, and low platelet syndrome (HELLP) \[[@ref31]\]. EVOO contains exogenous antioxidants has anti-inflammatory, anticancer and analgesic properties and neuroprotective activities that can fight oxidative damage to the brain \[[@ref32]\]. Thus, andaliman in combination with EVOO is better and safer than just andaliman.

In conclusion, the combination of nanoherbal andaliman (*Zanthoxylum acanthopodium*) and *Extra Virgin Olive Oil* (EVOO) can reduce parenchymatous degeneration, hydrophic degeneration and hepatocyte cell necrosis in preeclampsia rats (p \< 0.05). Further testing with immunohistochemistry is recommended.
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